and Thompson (1971) Upper Ordovician and Silurian strata in the southern part of the folded and faulted Appalachians are distributed from Clinch Mountain in eastern Tennessee to the Sequatchie anticline in Tennessee and Alabama ( fig. 1 ). In general, Upper Ordovician and Silurian formations are thick and noncalcareous to the east in the Appalachian geosyncline and are thinner and more calcareous westward toward and on the central Tennessee carbonate platform.
METRIC-ENGLISH EQUIVALENTS
The Middle-Upper Ordovician boundary is within shale and limestone of the Martinsburg Shale in the central and eastern Valley and Ridge. To the west, the strata become more calcareous; the boundary itself is within strata dominated by carbonate rocks (Wilson, 1949; Rodgers, 1953) .
Upper Ordovician formations in the Valley and Ridge include part of the Chickamauga Limestone of Rodgers (1953) , shale and limestone of the Reedsville and Martinsburg shales, strata identified by the writers as Inman 2 (Edenian ?) and Leipers (Maysvillian ?) near Kingston, Tenn., and the Shellmound 3 (new name), Sequatchie, and Juniata Formations (Richmondian). The Inman and Leipers extend throughout Sequatchie Valley and are in parts of the Tennessee Central Basin (Wilson, 1949) The Juniata Formation (Richmondian) on Clinch Mountain in eastern Tennessee consists of 400 ft ( 120 m) of predominantly non calcareous red beds (Rodgers, 1953) . Equivalent strata to the west are thinner and more calcareous and were named Sequatchie by Ulrich (1911) .
In the Valley and Ridge the Ordovician-Silurian boundary is between the Sequatchie and Juniata red beds below and the sandstone, siltstone, and shale of the Clinch and Rockwood above. Silurian strata range from Clinch and younger quartzitic sandstone on Clinch Mountain, through the Rockwood sandstone, siltstone, shale, and limestone in the western Valley and Ridge and in Sequatchie Valley, to the shale and limestone formations of central Tennessee. Silurian formations are usually overlain by the Chattanooga Shale (Devonian and Mississippian), although in places other beds (Wildcat Valley Formation) may intervene (Dennison and Boucot, 1969) .
The geographic boundary between the Sequatchie and Juniata facies (Rodgers, 1953, p. 97 ) depends on the respective presence or absence of marine fossils and on the relative amounts of calcareous and terrigenous materials. On the geologic map of east Tennessee, Rodgers (1953) placed the Sequatchie-Juniata facies boundary between Clinch Mountain on the southeast and Powell Mountain on the northwest. On the other hand, Hardeman and others (1966) , in their compilation for the most recent State geologic map of Tennessee, used the term Juniata for this sequence of rocks, not only for the Clinch Mountain and Powell Mountain belts but also as far northwest as Wallen Ridge.
In contrast with these compilations, detailed geologic quadrangle maps of northeastern Tennessee and southwestern Virginia by the U.S. Geological Survey (Harris and Miller, 1958; 1963) , the Virginia Division of Mineral Resources (Brent, 1963) , and the Tennessee Division of Geology (Brent, in press ) have called red beds on Clinch Mountain Sequatchie rather than Juniata. This placement of the boundary would indicate that perhaps no nonmarine Upper ,). D.rdil¥ieier·~t..aY"..c;#..~ present in Tennessee. PRESENT (Coker and Milici, in press; Coker, Milici, and Finlayson, 1967 ; Garman and Milici, 1967; Milici, 1965 and in press; Milici and Coker, 1967; Milici, Coker, and Garman, in press; Milici, Coker, and Luther, 1972; Milici and Finlayson, 1967 and in press ; and Milici, Finlayson, Barnes, and Colvin, in press) mapped the same strata throughout Sequatchie Valley and has measured sections there and in adjacent areas. This paper represents a synthesis of research performed and interpretations generated by the writers. Locations of measured sections are shown in figure 2 and are described in tables.
The writers are particularly indebted to Dr. Richard E. Bergenback of the University of Tennessee at Chattanooga for his interest and assistance in the study of the depositional environments of the Sequatchie Formation and for making available his unpublished data of the Green Gap section. Thin sections were prepared in the geological laboratory of the University of Tennessee at Chattanooga. Parts of the manuscript were reviewed by Dr. Kenneth E. Walker, University of Tennessee at Knoxville. oak Mountain syncline (Hamilton and Bradley Counties) and was identified as "Maysville" (Burchard, 1913 , p. 33) ; divisions 2 and 3 were assigned to the "Richmond" (Burchard, 1913 , p. 38, footnote 1), and the remainder to post-Richmondian Silurian. The Richmondian of Ulrich (1913, p. 614, 646-665) was named Sequatchie for exposures in Sequatchie Valley and included strata of the Inman, Leipers (Hayes and Ulrich, 1903) , Fernvale (Hayes and Ulrich, 1903) , Shellmound, and Sequatchie as currently mapped ( fig. 3 ). 
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Inman Formation Because the paleontology of these strata has not been studied in detail in the southern Appalachians, time stratigraphic boundaries in vogue may not be in accord with those in the Cincinnati region (Sweet and Bergstrom, 1971 ). Bassler (1932, p. 41 ) identified the Lower Silurian in Sequatchie Valley as the Brassfield Formation. Wilson (1949, fig. 82 ) also recognized the Brassfield as well as a younger shale, which he assigned tentatively to the Niagaran.
Faunal lists for Upper Ordovician and Silurian formations were published by Bassler (1932) and Wilson (1949) . The most recent paleontologic study of Upper Ordovician and Silurian strata in adjacent Alabama was made by Ross (in Burchard and Andrews, 1947, p. 319-326) near Bridgeport Ferry, 1!2 mile (0.8 km) south of the Bridgeport city limit on the road to the ferry. This locality is 6 miles (91;2 km) south of the most southerly measured section of this report. Ross called strata between the Chickamauga Limestone and Chattanooga Shale the Red Mountain Formation and divided the formation into three faunal zones. Zones 1 and 2 were classified as Richmondian, although some fossils were possibly indicative of Edenian and Maysvillian formations; zone 3 was identified as Brassfield.
Paleontologic evidence supplied by Ross and by Ulrich (in Adams and others, 1926, p. 141) indicates that the youngest Silurian formation along the Sequatchie anticline is the Brassfield, which is older than the Clinton iron ore beds of the Birmingham district. However, the writers have collected Pentamerus oblongus, the Clinton guide fossil, from the Rockwood at the Anderson Hill section, Sequatchie quadrangle, and concur with Wilson's identification of Silurian younger than Brassfield in the southern Sequatchie Valley area.
The Rockwood of current usage is considered to be entirely Lower Silurian in its type area but elsewhere may contain Middle Silurian strata (Rodgers, 1953, table 5; Wilmarth, 1938 Wilmarth, , p. 1834 Wilmarth, -1835 . The writers prefer to call all Silurian rocks in Sequatchie Valley Rockwood rather than Brassfield, primarily because the hematite-bearing strata resemble type Rockwood more than they resemble the central Tennessee and Kentucky equivalents.
STRATIGRAPHY
Upper Ordovician strata in Sequatchie Valley are composed of argillaceous and silty limestone (pl. 1) that was deposited in mudflat and adjacent nearshore and offshore environments.
The Catheys Limestone (Middle Ordovician) underlies Upper Ordovician strata in Sequatchie Valley and consists of 100 to 300ft (30 to 90 m) of thinto medium-bedded fossiliferous limestone. Lithologies range from calcilutite to calcarenite in shades of gray or greenish gray. Well-preserved brachiopods and pieces of branching bryozoans are abundant. Limestones are generally in uneven beds that have rough, irregular surfaces and are separated by partings or thin beds of more argillaceous limestone or calcareous shale. Laminated argillaceous limestone is interbedded with relatively pure limestone in units as much as several tens of feet thick within the Catheys. The most prominent laminated unit marks the base of the formation and weathers to an easily recognized "contour rock." The laminated limestone commonly is mudcracked and may represent accumulations in intertidal environments; for the most part, it lacks skeletal fossils. The great bulk of Catheys, however, was deposited in shallow marine subtidal environments washed 1 ;y currents generally unable to rework and winnow the sediments significantly.
INMAN FORMATION
Limestone of the Inman Formation is even bedded and easily distinguished from the underlying Catheys. The Inman consists of grayish-red and greenish-gray calcisiltites and shales in southern Sequatchie Valley and in Lookout Valley, Tenn. (pl. 1, A-A'). Limestone is generally laminated to thin bedded, silty, and commonly shows fine crossbedding on weathered surfaces. Fossils are abundant in shaly zones; globular bryozoans, brachiopods, and carbonized pelecypods are common. Red beds are restricted to the southern part of the area. In northern Sequatchie Valley the Inman consists of gray argillaceous shaly limestone and greenish-gray thin, or laminated, even-bedded limestone lithologically identical to some Sequatchie beds ( fig. 3 ) .
In the Valley and Ridge near Kingston (pl. 1, B-B') the Inman consists of gray or greenish-gray argillaceous silty or sandy limestone, some containing skeletal fossils. The formation weathers to beds of clay interbedded with even ribs of punky siltstone or very fine grained sandstone. Bedding ranges from less than 1 in. to 6 in. (2 to 15 em), and silty beds commonly show fine crossbedding on weathered surfaces. In comparison with the Catheys Limestone, Inman terrigenous clastic rocks are generally coarser, more abundant, and, together with the calcareous components, better separated into beds of lime mud, silt, and very fine sand.
LEIPERS LIMESTONE
The Leipers Limestone in Sequatchie Valley is best exposed at the Crystal Creek section, Pikeville quadrangle (pl. 1, section 12). The formation is argillaceous calcilutite or calcisiltite, generally medium-gray, medium-or thick-bedded, with beds separated by many irregular argillaceous shaly part-ings. The Inman-Leipers contact is selected where even beds of the older formation give way to thicker more poorly bedded strata.
In some sections the Leipers contains, usually in the upper half of the formation, even beds or ribs of impure calcisiltite or very fine grained calcarenite 2 to 6 in. ( 5 to 15 em) thick. Unweathered rock in drill core through the Leipers beneath the Tennessee Valley Authority's Nickajack Dam (Sequatchie quadrangle) shows extensive disruption of bedding by burrowing organisms. Fossils, both whole and in large fragments, commonly found in the formation are the large brachiopods Platystrophia ponderosa and H ebertella sinuata.
Limestone of the Leipers type occurs in places within both the Inman Formation and Sequatchie equivalents. In northern Sequatchie Valley the Leipers is separated from Inman argillaceous limestone where thin-bedded or laminated greenish-gray strata of the upper Inman are exposed between the two. Identification of Platystrophia or H ebertella is diagnostic of the Leipers, and carbonized impressions of both elongate and winged pelecypods are common in the Inman. An additional key to the detailed stratigraphy is the basal Sequatchie-Shellmound glauconitic siltstone marker bed.
STRATA OF RICHMONDIAN AGE
Strata regarded as Richmondian (Wilson, 1949, p. 219-223) were deposited in two principal sedimentary environments in Sequatchie Valley and in nearby portions of the Valley and Ridge. To the north and east sediments that became the typical Sequatchie beds of the geological literature were deposited mostly in nearshore mudflat environments. The southern and more westerly sediments belong to an offshore facies containing an abundant and varied marine fauna (pl. 1).
The writers retain herein the name Sequatchie for strata dominated by grayish-red and greenish-gray calcisiltite and propose herein to name the dominantly gray and greenish-gray fossiliferous limestone facies the Shellmound Formation (see footnote 3 herein).
The best section of the Sequatchie Formation, a standard for the type area of Ulrich, is the Hicks Gap section in northern Sequatchie Valley, Vandever quadrangle (pl. 1, B-B', Hicks Gap section). The type section of the Shellmound is along the westbound lane of Interstate 24 near Shellmound, Marion County, Tenn., a few hundred feet west of the Jasper interchange (pl. 1, A-A', Interstate 24 section).
SEQUATCHIE FORMATION
In Sequatchie Valley the Sequatchie Formation and its equivalent, the Shellmound Formation, overlie the Leipers Limestone and are overlain by the Rockwood Formation (pl. 1). The bases of both the Sequatchie and the Shellmound are marked by a few feet of silty or sandy calcisiltite or fine-grained calcarenite interbedded with glauconitic limestonethe glauconite marker. Beds of the marker are generally in even layers 1j 2 to 1 ft (15 to 30 em) thick. Small amounts of terrigenous impurities are evident where strata are weathered. Weathered limestone has silty or very fine grained sand crusts which show the finely crossbedded nature of the rock. Where deeply weathered, only a residue of punky yellowish-brown siltstone or very fine grained sandstone remains, and chips or broken blocks of this material are abundant in the residuum of the basal beds of the Sequatchie and Shellmound.
The Sequatchie Formation typically consists of greenish-gray and grayish-red silty argillaceous and dolomitic calcisiltite, calcareous mudstone, and shale. The Sequatchie contains small amounts of calcilutite and very fine grained to fine-grained calcarenite, sandstone, and sandy limestone. Mudcracks, laminations, and borings of Scolithus are common, but skeletal fossils are rarely evident in cursory examination of hand samples. Intraclasts are abundant, and in some places lime cobbles appear to have been produced by periods of severe desiccation (pl. 1, B-B', Thief Neck section).
In Sequatchie Valley the Sequatchie Formation may be divided into two facies, a red-limestone facies composed of interbedded greenish-gray and grayishred strata and a green-limestone facies composed only of greenish-gray beds. In section the red beds are confined to the middle of the formation and are enclosed above and below by nonred Sequatchie limestone (pl. 1).
SHELLMOUND FORMATION
The Sequatchie facies grades into the gray fossiliferous limestone facies (Shellmound Formation) in southern Sequatchie Valley and in Lookout Valley near Chattanooga (pl. 1, A-A'). Like the Sequatchie the lower part of the Shellmound consists of a few feet of silty glauconitic limestone. This is overlain by 10 to 20 ft (3 to 6 m) of silty argillaceous limestone that resembles the Leipers Limestone. Simil,. arly, Wilson (1949, p. 201-207) observed in central Tennessee that the Arnheim of Richmondian Age resembles the Leipers. Platystrophia and Hebertella occur in this "pseudo-Leipers" in a few places. In Sequatchie Valley, however, Leipers-like strata within the lower Shellmound contain more silt than Leipers" contains so little lime that it reacts only slightly with dilute hydrochloric acid (Shellmound the Leipers, and they weather to characteristic punky siltstone. In some places unweathered "pseudorailroad-cut section near Nickajack Dam).
The "pseudo ... Leipers" grades vertically into silty calcisiltite and calcarenite which contain thin zones of chamosite and hematite ooids (Chowns, 1970) similar to ore in the Rockwood. The relative amount of calcarenite increases upward in the formation and near the top, where it is clean and varicolored, calcarenite and bryozoan boundstone constitute the Fernvale Member 4 of the Shellmound Formation (pl. 1, A-A'; fig. 3 ). The Fernvale in central Tennessee, which has been described in detail by both Bassler (1932, p. 125-130) and Wilson (1949, A212-215) , seems to have much the same character in both Sequatchie Valley and in the southwestern Valley and Ridge.
In Sequatchie Valley and Lookout Valley, hematitic, and slightly phosphatic, Fernvale limestone 1 to 20 ft ( 0.3 to 6 m) thick overlies and in places is interbedded with gray and greenish-gray limestone of the main body of the Shellmound. However, on Whiteoak Mountain at Green Gap, and to the southwest in Big Wills Valley, Ala., grayish-red Sequatchie calcisiltite is below the Fernvale and other Upper Ordovician shale and limestone. In some places the Fernvale has enough hematite to constitute a lean iron deposit or ferruginous flux (Bassler, 1932, p. 129-130; Wilson, 1949, p. 233-234) .
ROCKWOOD FORMATION
The Rockwood Formation overlies the Sequatchie and the Shellmound Formations and is overlain by the Chattanooga Shale. In northern Sequatchie Valley lower Rockwood limestone contains lenses and thin layers of chert which serve to separate the formation from the underlying Sequatchie. The cherty limestone is herein named the Skillern Chert Member for exposures along Skillern Creek near Pikeville, Tenn. (pl. 1, section 13). In Sequatchie Valley chert-bearing beds have been mapped in the lower Rockwood as far south as Henson Gap. From Henson Gap south the Rockwood thickens by addition of limestone and shale to its base ; cherty limestone, however, persists within the lower half of the formation south to where it wedges out near Inman (pl. 1) . Basal Rockwood cherty limestone extends eastward into the Valley and Ridge and marks the Sequatchie-Rockwood contact in exposures along Watts Bar Lake (Tennessee River) between Bacon Ridge and the Cumberland Plateau ( fig. 1 ) and in the Rockwood reference section at Emory Gap along and near Interstate 40 between Rockwood and Harriman (pl. 1, B-B'; also see latter part of this section). In southern Sequatchie Valley, Tenn., and in Lookout Valley the base of the Rockwood Formation is marked by thin but prominent beds of siltstone and silty limestone.
The Rockwood is overlain by the Chattanooga Shale. In the study area the Chattanooga ranges from 10 to 50 ft (3 to 15 m) thick from southwest to northeast. The base of the Chattanooga is usually marked by 2 in. to 1 ft ( 5 to 30 em) of poorly sorted sandstone (Hardin Sandstone Member) that is thought by some to represent a basal deposit on a regional unconformity (Conant and Swanson, 1961) . In general, the Chattanooga cuts progressively lower into the Silurian from southwest to northeast along Sequatchie Valley; in central Tennessee this shale cuts across formations which range in age from Middle Ordovician to Middle Devonian (Conant and Swanson, 1961; Wilson, 1949) .
In northern Sequatchie Valley the Rockwood Formation consists mostly of 50 to 60 ft ( 15 to 18 m) of very fine grained to medium-grained dolomite and calcarenite in shades of gray. Beds are from 1 to 8 in. (2 to 20 em) thick, and individual layers generally persist at about the same thicknesses along the outcrop. Bedding surfaces are uneven. The rock commonly contains irregular masses of gray chert, but some chert is in even layers an inch or so thick that persist laterally for short distances. Greenish-gray calcareous share is found in small amounts within the formation. Fossils are relatively uncommon within the northern phase of the formation, and only a few brachiopods were observed.
In southern Sequatchie Valley the Rockwood Formation is 100 to 135 ft (30 to 40 m) thick and is divided into two units (pl. 1, A-A'). The lower unit consists of 70 to 80 ft (21 to 24 m) of interbedded gray calcisHtite to medium-grained calcarenite and olive-gray shale. Beds are generally 1;2 to 6 in. ( 1 to 15 em) thick, are even, and have irregular surfaces. Some beds of limestone have crossbedded argillaceousor silty-weathering crusts. Fossils are abundant and consist mostly of brachiopods, co.rals, and fragmented crinoid stems.
The up·per unit of the Rockwood Formation in southern Sequatchie Valley consists of 30 to 40 ft (9 to 12 m) of relatively unfossiliferous pale-green, yellowish-green, or light-olive-gray shale. Siltstone interbeds 1 to 6 in. (2 to 15 em) thick are common in the lower part of the member.
In Sequatchie Valley a sedimentary hematite zone of considerable lateral persistence occurs generally at the boundary between the lower and upper members. The iron was extensively mined near Inman at the end of the last century, and many strip mines and several underground mines are still evident (Burchard, 1913; Milici and others, in press ). The ore bed consists mostly of hematite pellets and replaced fossil fragments intermixed with gray and greenish-gray calcarenite. Hematite was selectively concentrated by weathering and leaching of calci urn carbonate of the parent calcarenite, and punky residual material constituted the best iron ore. The single most complete section in Lookout Valley (section 25a.) is almost entirely punky saprolite but shows 7 hematite zones in the lower 100 ft (30 m) of section. Freshly exposed Rockwood sections along Interstate 59-24 from Tiftonia south into Georgia (sections 25c, 25d) show fair thickness of the formation and, when these are pieced together, 10 hematite zones are in the same part of the sequence as those of s·ection 25a. Such hematite zones are usually associated with calcarenite beds, which have little Iateral persistence. (See pl. 1.)
Rockwood sections in Lookout
The only exposures of Rockwood Formation in its old type area are near and along Interstate 40 in the vicinity of the village of Emory Gap, Harriman quadrangle. Almost every bed of the formation is exposed, and a complete section of weathered strata was pieced together from several short segments. Seven hematite zones are scattered from about 70 ft (20 m) below the top of the formation to within 50ft (15m) of the base. The main ore zone is near the middle of the section and in one pit was measured as 4.2 ft ( 1.5 m) thick. Total thickness of the Rockwood at Emory Gap is about 230 ft (70 m), which is about 100 ft (30 m) thinner than the sec-tion measured by Ulrich (in Burchard, 1913, p. 33) for divisions 5, 6, and 7 at Rockwood.
The Emory Gap section is herein designated the reference section for the Rockwood Formation.
The Rockwood Formation is thicker and is composed mostly of terrigenous clastic rocks east of the Silurian sections along Watts Bar Lake are incomplete, the upper part having been removed by faulting. In the Watts Bar region some of the Rockwood consists of interbedded thin shale, siltstone, and sandstone (some graded) which have abundant sole markings; thin calcareous or silty and sandy hematite zones are common. Similar strata characterize the Rockwood at Green Gap on Whiteoak Mountain, Tenn., where the thickness of Rockwood is a little more than double that in the Chattanooga area.
DEPOSITIONAL ENVIRONMENTS AND REGIONAL SEDIMENTARY FACIES
PREVIOUS INVESTIGATIONS
The sedimentary petrology and inferred depositional environments of Upper Ordovician strata in northern Tennessee and southwestern Virginia were described by Thompson (1970b) ; the Upp·er Ordovician of northwestern Georgia was described by Chowns (1972a) , and correlative strata in northeastern Alabama by Thompson (1971) . Thompson (1970b) divided calcareous and dolomitic Upper Ordovician strata of southwestern Virginia and northern Tennessee (which we consider to be entirely Sequatchie) into a Sequatchie facies, a Juniata facies, and an intermediate facies.
Strata which Thompson called Sequatchie were separated from those called Juniata primarily on the basis of color ; 'the Juniata facies is red, unfossiliferous and relatively argillaceous; the Sequatchie facies is gray, fossiliferous and relatively limy" (1970b, p. 1272). It is clear from Thompson's map (1970b, fig. 1 ) and descriptions that strata he called Juniata are considered Sequatchie by most workers in the Southeast. In spite of these nomenclatural difficulties, Thompson's work is useful in deciphering the depositional environments of these rocks, and in our opinion his (1970b, fig. 18 ) inferred paleogeographic distribution of Upper Ordovician lithofacies is valid if one regards the Juniata as dominantly noncalcareous fluvial (or deltaic) deposits, the Sequatchie as dominantly calcareous or dolornitic supratidal or intertidal mudflat, and the Shellmound as dominantly subtidal marine limestone.
The Sequatchie facies of Thompson (1970b) consists of fossiliferous biomicrite and biomicrudite 5 which he interpreted as representing normal marine shallow subtidal deposits. These strata apparently were interbedded with red (Juniata facies of Thompson) silty micrite, pelmicrite, pelsparite, and dolomite in most of the sections which he studied in Tennessee.
The red facies is laminated to massive, intraclastic, contains graded beds, and shows extensive development of vertical burrows, has almost no skeletal fossil debris, and exhibits abundant evidence of subaerial exposure. Thompson concluded that the red carbonate rocks represent high tidal-flat deposits.
The interm·ediate facies of Thompson (1970b) consists of red-mottled burrowed strata, interlayered red pelmicrite and burrowed gray skeletal calcarenite. In contrast with the red facies, horizontal burrows in the intermediate facies are more abundant than vertical burrows. Thompson interpreted the intermediate facies as representing shallow subtidal to low tidal-flat deposits. Thompson's (1971) work in northeastern Alabama is more in accord with the currently accepted nomenclature in adjacent parts of Tennessee. In Alabama he divided the Upper Ordovician strata into four major lithofacies, a "red terrigenous-carbonate facies," a "gray terrigenous-carbonate facies," a "micrite facies," and a "calcarenite facies."
The red terrigenous-carbonate facies (Sequatchie) is laminated to thinly bedded silty micrite and contains beds of calcareous silty shale. Mudcracks, vertical burrows, and dark filmlike remnants of algal mats were observed by Thompson; skeletal fossils are generally absent.
Thompson's gray terrigenous-carbonate facies (Shellmound) consists of silty or argillaceous fossiliferous biomicrite and biosparite which apparently 5 The petrographic classification of carbonate rocks used in this discussion of depositional environments is that described by Folk (1959) .
were deposited as shallow subtidal normal marine sediments.
The micrite facies (Leipers) is thick-bedded, bioturbated, and fossiliferous argillaceous gray biomicrite and dismicrite. These rocks also contain a few bands of skeletal calcarenite. Thompson interpreted these rocks as having been deposited in protected environments such as coastal embayments or in shallow lagoons behind barriers.
Thompson described the calcarenite facies (Fernvale) as generally consisting of coarse skeletal calcarenite which apparently was deposited in a high energy environment such as a marine channel or system of local barrier bars.
Chowns ( Georgia the "Juniata" facies, exposed on the ridge called Rocky Face to the east of Taylor Ridge ( fig.  1 ), is composed of a series of fining-upward cycles indicative of alluvial sedimentation. The red Sequatchie facies is characterized by graded beds, laminations, desiccation structures such as mudcracks, breccias, and birds·eyes, a scarcity of skeletal fossils, and the common occurrence of trace fossils. Chowns concluded that the facies was deposited in a high tidal-flat environment and that the red color was a result of subaerial oxidation. Except for color, the gray Sequatchie facies contains strata lithologically similar to those of the red facies and in addition contains a variety of pelletal and skeletal limestone. Chowns concluded that the gray facies represents deposits of low tidal flats (intertidal) subjected to daily flooding (and introduction of organic material) which prevented subaerial reddening. A similar conclusion was reached by Thompson (1971, p. 66). Chowns (1972a, p. 9) interpreted Fernvale "red and gray, ripple-marked bryozoan-crinoid biosparites" as representing a barrier-beach deposit, with red and gray lithologies representing relative degrees of subarea! oxidation. Mannie-like shales and thin beds of oolitic ironstones are interpreted to have formed in back-barrier lagoons or in more open ma.rine embayments. Burrowed, silty, fossiliferous, dolomitic micrite of the Leipers facies was interpreted by Chowns to be deposited in an open marine embayment, whereas the underlying more abundantly fossiliferous beds of the Catheys represent a more open marine subtidal environment. Silurian depositional environments in Alabama and Georgia were described by Sheldon (1970) and by Chowns (1972b) , respectively. Sheldon concluded that the Red Mountain Formation of Alabama represented lagoonal, barrier-island, neritic marine and basinal sediments, and that iron-rich sediments were deposited in the lagoonal environment and on the lagoonward side of the barrierisland environment.
Chowns concluded that the Red Mountain Formation in Georgia was deposited as a post-Taconic molasse in sedimentary environments ranging from littoral lagoon and barrier to open marine platform and slope deposits. The Silurian iron-ore beds of Georgia are associated with beds interpreted, in eastern areas of exposure, to be regressive barrier sandstone, tidal channel, and tidal delta deposits containing an abundance of skeletal debris ; in the west near Chattanooga these inferred barriers are more calcareous.
DEPOSITIONAL ENVIRONMENTS IN THE
CHATTANOOGA AREA Upper Ordovician strata of southe·rn Tennessee are composed of fine terrigenous clastic and carbonrute sediments that were deposited in tidal-flat and associated subtidal environments. In general, the sequence represents the intrusion of mudflat environments into an area dominated earlier by subtidal shelf carbonate rocks (regressive phase) ; eventually the tidal-flat sequence was drowned and replaced by shelf deposits of fossiliferous calcareous mud (transgressive phase).
Our model for the mudflat sequence, shown in plate 2D, was constructed primarily by comparing data obtained from the major roadcuts in the Chattanooga area (pl. 2A, B, and C) with the modern tidal-flat model described by Shinn, Lloyd, and Ginsburg (1969) . In general, we recognized strata belonging to 11 major depositional environments: (1) carbonate shelf, (2) burrowed subtidal micrite, (3) calcarenite flat or sand bar, ( 4) green intertidal mudflat, ( 5) red intertidal mudflat, ( 6) regressive or transgressive beach ridge, (7) pond, (8) channel fill, (9) lagoon, (10) subtidal calcarenite bar, and (11) muddy shelf.
Carbonate shelf.-Strata assigned to the carbonate-shelf environment are those of the upper part of the Catheys Limestone (pl. 2A, C). In general these strata are gray biomicrite and biosparite. These rocks can be divided into three main types of deposits that reflect subtle differences in the subtidal depositional environments: beds of impure shaly calcarenite, cobbly fossiliferous limestone interbedded with shale, and thin-bedded or laminated silty micrite.
Calcarenite bodies a few feet thick probably accumulated in relatively higher energy zones where currents were sufficient to wash and winnow a fittle of the fine material. These bodies generally are poorly bedded, argillaceous, and lack evidence of a basal scour, which would indicate a channel-fill deposit. Under the microscope these rocks are seen to be biosparite containing abundant bryozoan, brachiopod, and pelmato.zoan debris mixed with areas of slightly dolomitized biomicrite.
The thicker calcarenite bodies are interb~dded with thinner beds of fossiliferous cobbly limestone (biosparite to biomicrite) and calcareous shale. Interbedded limestone and shale in units a fe,w feet to a few tens of feet thick apparently were deposited in regions of fluctuating energy level. Shale and lime mud accumulated during periods of relative calm, and some beds contain fossilized clams in growth position. The biosparite layers represent higher energy deposits which formed when fossil debris was washed in, probably from adjacent calcarenite banks.
A zone a few feet thick of greenish-gray laminated or thin beds is within the Catheys at the Slygo Ridge section (pl. 2A, unit 2). Some of these beds contain shrinkage cracks (incomplete mudcracks) which may represent either salinity fluctuations in a subaqueous environment (Donovan and Foster, 1972) or incomplete subarea! desiccation. Thin sections of this rock show it to consist of silty microsparite and burrowed dolomitized micrite that contains anastamosing carbonaceous films, interpreted as algal laminations; it also contains horizontally distributed birdseyes. The birdseyes are spar-filled voids that probably were formed by small gas bubbles trapped between the algal laminae (Shinn, 1968) . The laminated zone is interbedded with gray subtidal limestone, and, because it contains no well-developed filled mudcracks, it is assigned to a low intertidal or high subtidal environment.
Burrowed subtidal micrite.-Homogeneous bioturbated shaly but poorly bedded limestone is not only the dominant rock type of the Leipers Limestone (pl. 2A, unit 9; pl. 2B, unit 7 and parts of unit 4) but is also present in the upper part of the Catheys Limestone (pl. 2A, unit 3) and in the lower part of the Shellmound Formation (pl. 2B, units 6 and 7). These beds are characterized by the large-shelled brachiopods H ebertella and Platystrophia and commonly contain coiled gastropods, bryozoans, and ostracodes. Microscopically, this facies consists of biopelmicrite, biomicrite, and intramicrite, dolomitized and laminated microsparite, and contains zones of biosparite coquina. Calcite birdseyes in the rock are nort of the shrinkage, desiccation variety but rather are fillings. of fossil fragments. Algal lami:nations, some broken by burrows, are common. Some rocks contain algal oncolites suggestive of agitated shallow-water deposition. Others contain quartz silt.
Calcarenite flat or sand bar.-The upper beds of the Inman Formation in the Sly go Ridge section (pl. 2A, upper part of unit 8) and in section 25b (unit 10) along U.S. Highway 11 in Tiftonia were interpreted as representing a subtidal or intertidal sand flat or bar. Lithologically, the strata are greenish-gray fine lime sand or silt in lenses or mediumthick beds. Thinner beds are lenticular, whereas the thicker ones are more persistent horizontally. Bedding tends to be ragged, with upper and lower contacts of many beds gradational. Rippled beds are common, and some beds exhibit horizontal laminations. Some beds show evidence of soft sediment slumping, and others contain green shale chip rip-up clasts.
The comparatively coarse nature of the rock and the lack of obvious burrows in it suggest a relatively rapid accumulation of sediment in flow regimes which ranged from ripple-to laminate-producing currents. The lack of fossils suggests that life in the area of deposition was inhibited by shifting silts and sands. Under the microscope the rock appears as an algally laminated intramicrosparite containing some calcite birdseyes and dolomite rhombs.
Because the gray biomicrite is commonly interbedded with lenses of greenish-gray or mediumlight-gray micrite, interp·reted to be of intertidal mudflat origin, and with calcisiltite and calcarenite, inferred to be of sand-flat origin, it is assigned to a nearshore adjacent marine environment. As such, parts of the Leipers and Catheys Limestones can be regarded as the subtidal toes of the prograding mudflats. Anhydrite-filled vugs are common in some beds within the Leipers and suggest the existence of at least local hypersaline conditions. A modern example of this nearshore type of environment might he the marine zone adjacent to Andros Island which was reported by Shinn, Lloyd, and Ginsburg (1969) . It parallels the tidal flat in a belt some 10 to 20 miles (16 to 32 km) wide. These modern adjacent marine deposits are light gray, indicative of a reducing environment, are generally lacking in primary sedimentary laminations, and are extensively burrowed.
In general, the sediment lacks the sedimentary features of high intertidal and supratidal flats, but its coarseness and its green rather than gray color suggest a slightly higher energy and more oxidizing environment than that of the associated lime mud. Accordingly, the unit is interpreted to be a sand flat or bar, generally high subtidal, or perhaps, as beds containing birdseyes suggest, even intertidal.
Green intertidal mudflat.-Modern intertidal-flat sediments described by Shinn, Lloyd, and Ginsburg (1969) are "light tan to cream in color," that is, relatively oxidized, and generally lack primary sedimentary laminations because of extensive burrowing. Ordovician strata interpreted as intertidal mudflat deposits a.re similar except for their green color, and that may be explained by their greater amounts of terrigenous impurities.
Rocks assigned to the green intertidal mudflat facies (pl. 2A, unit 4, unit 6, and lower part of unit 8; pl. 2B, unit 3, parts of unit 4, and unit 5; pl. 2C, units 1 and 8) are in all of the Upper Ordovician formations in the Chattanooga area and are closely associated both with gray limestone, interpreted as subtidal, and with red mudstone, which is considered intertidal. Lithologically, the strata are greenishgray silty micrite beds containing lenses of biosparite. In some places the poorly bedded, homogeneous nature of the silty micrite is suggestive of burrowing. In other places vertical burrows an inch or so long are abundant and are associated with irregular beds of biosparite. Thompson (1970b Thompson ( , p. 1280 interpreted such burrows to have been formed by infaunal suspension feeders which lived in the fluctuating conditions of the intertidal or supratidal regions. Where examined in thin section, some of these rocks are distinctly biomicrite, algally laminated micrite, or microsparite that generally contains dolomite rhombs. Quartz silt is common. Burrowed pelletal biomicrite and biosparite are also common in this facies, as are pieces of bryozoans, ' brachiopods, pelmatozoans, and other fossils. Some of the rocks contain the anastamosing filaments which are interpreted to be algal laminations, and some contain horizontally distributed birdseyes between algal laminations.
The green color of these rocks, intermediate between gray and orange or red, is probably the result of an intermediate state of oxidation of sediment exposed not long enough to permit reds to form. This state of oxidation coupled with the mixture of abundant fos.sils and some desiccation-formed birdseyes, implies an intertidal origin for these rocks.
In the Inman Formation the green beds occupy positions above and below red beds, but, where observed, red and gray limestone beds are always separated by the green beds. In the Sequatchie Formation green zones occupy positions between gray and red beds as they do in the Inman. Green burrowed silty biomicrite containing gastropods and bryozoans in both the Leipers and at the base of the Shellmound Formation are interbedded with gray beds. Because they are green rather than gray and contain some spar-filled birdseyes, such beds are interpreted as representing intertonguing of the subtidal-intertidal zone. However, a fairly thick green zone of interbedded laminated and burrowed and silty micrite beds at the base of the Shellmound in Lookout Valley is interpreted to represent the development of a fairly extensive intertidal flat because it contains an abundance of silt and mud-filled polygonal mudcracks (section 25b, unit 14).
Red intertidal mudflat.-Rocks assigned to the red intertidal mudflat environment range from mottled grayish-red and greenish-gray silty limestone or calcareous siltstone and mudstones to beds which are almost entirely grayish red. Some mudstone contains thin lenses of fossiliferous limestone. Shrinkage cracks are common, and rocks of this environment are characterized also by an abundance of vertical burrows. Internal sedimentary laminations are generally not evident. Liesegang diffusion bands are seen in some of the burrowed beds and were apparently developed around the burrows (Chowns, 1972a, p.
5).
Red and red-green mottled beds are in both the Inman and Sequatchie Formations in the Chattanooga area. In the Slygo Ridge section mottled, burrowed red beds of the Inman (pl. 2A, unit 5) lie between greenish-gray beds of micrite (low intertidal) containing lenses of fossiliferous limestone. At Green Gap on Whiteoak Mountain the burrowed red mudstone is in the upper part of the Sequatchie Forma-tion as well as at its base (pl. 2C, units 2, 9-11, 13, and 15 ). There, this lithology is associated with both green and gray fossiliferous beds interpreted as being subtidal or low intertidal in origin and with laminated sediments interpreted as a supratidal carbonate beach ridge.
The red color, the abundance of vertical burrows, the presence of only a few thin zones of fossiliferous limestone, and the associations of rock types suggests a high intertidal origin for the mudstone.
Beach ridge.-Strata herein assigned to the beachridge environment as defined by Shinn, Lloyd, and Ginsburg (1969) constitute most of the rock called red Sequatchie facies by Chowns (1972a) and red terrigenous-carbonate by Thompson (1971) . At Green Gap (pl. 2C, units 3-7) the lower beach-ridge deposits of the Sequatchie are separated from the Catheys by a few feet of red and green intertidal mudstone.
Strata belonging to the beach-ridge environment are laminated to medi urn thick beds of oxidized silty calcisiltite and fine calcarenite. Sedimentation units are commonly graded, having rip-up clasts of red shale chips at the base overlain by rippled and (or) internally lamina,ted sediment. Commonly, at the top of such beds, thin layers of red silty shale have well-de~veloped polygonal mudcracks. Some of these beds are burrowed, and some contain birdseyes. Thin discontinuous zones of poorly bedded bleached mudstone that is interspersed within the better bedded rock are interpreted to be wet spots on the supratidal mudflat. Some features similar to these were described from mode,rn beach-ridge deposits by Shinn, Lloyd, and Ginsburg (1969),
Although the three-dimensional aspect of the exposure at Green Gap cannot be observed, both the lithology of the vertical sequence and the absence of large channel fills there suggest that most of the lower half of the Sequatchie represents a regressive, seaward accreting beach-ridge environment. As such, this deposit would have formed in an environment similar to that described by Shinn, Lloyd, and Ginsburg (1969) for sediments on the sourthwest coast of Andros Island, where a supratidal flat more than 3 miles (about 5 km) across is unbroken by channels.
Whereas the lower part of the Sequatchie at Green Gap is re,gressive, the upper part is transgressive. Above strata interpreted as intertidal flat and pond, but below and interbedded with red shale interpreted as muddy channel fill and lagoon fill, are two laminated zones which are burrowed and contain evidence of desiccation as well as having interspersed thin beds of limestone (pl. 2C, units 16 and 18) . In general, these rocks are similar to the beach-ridge deposits in the lower part of the section, but they are only a few feet thick. The upper laminated zone is scoured, suggestive of similar scours on modern beach ridges (Shinn and others, 1969, fig. 14) . The position in sequence, erosive features, and thinness of the depositional units is evidence that these sediments are the last supratidal deposits of the drowning mudflat.
Pond.-Two units of gray and greenish-gray fossiliferous limestone in the upper part of the Green Gap section are interpreted to have been deposited in shallow ponds on the intertidal flat (pl. 2C, units 12, 14) . Both units are interbedded with burrowed red mudstone of inferred intertidal origin. The basal contacts of the fossiliferous units lack the scours characteristic of tidal channels, and the burrowing and the regular bedding of fine clay and lime mud is evidence for quiet water deposition. One unit of red shale near the top of the red bed sequence at Green Gap lies between laminated beds of the transgressive beach ridge facies (pl. 2C, unit 17). This highly oxi-diz~d deposit is also interpreted to represent a quiet water pond environment, but higher and more restricted than the ponds on the intertidal flat. Modern pond sediments described by Shinn, Lloyd, and Ginsburg (1969) are gray with some tan mottling. They generally lack primary sedimentary laminations probably because of homogenization by burrowing fauna.
Channel fill.-Channel-fill deposits were observed in one place in the upper part of the Green Gap section. Laminated red and green limestone was eroded and the resulting depression was then filled by beds of red shale. The deposit is interpreted to be the· fill of a tidal channel that cut into a low-lying beach ridge (pl. 2C, unit 19).
Lagoon.-Sediments of inferred muddy-lagoon origin are the thin red and green shale units near the top of the Ordovician section at Green Gap (pl. 2C, units 20 and 21). These units contain some beds of fossiliferous limestone and are green upward (and offshore) away from the mudflat environment. Green shale is interbedded with overlying Fernvale calcarenite along the road level, but on the first bench the Fern vale cuts well down into the shale unit. The position of these red and green shale units, the interbedded fossiliferous calcarenites, and the comparative thinness of the units suggests that they were deposited in a shallow subtidal lagoon between the tidal flat and an offshore calcarenite bar.
Open lagoon sediments constitute most of the Shellmound Formation. At its type section (pl. 2B) the Shellmound consists mostly of fossiliferous calcareous shale, siltstone, and sandstone, some interbedded with fossiliferous micrite. Below the Fernvale Member (unit 23), the Shellmound generally coarsens upward from bioturbate "pseudo-Leipers" (units 6 and 7) through siltstone (units 8-10) to very fine quartz-rich calcareous sandstone (units 16 and 18) .
The coarsening-upward sequence represents a general filling of the lagoon with a mixture of carbonate sediment derived from fauna that dwelled therein, and from terrigenous clastic sediment transported into the area from the east (Chowns, 1972a) .
Some of the shale and siltstone beds along Interstate 24 (pl. 2B) contain an abundance of bryozoans and brachiopods. Horizontal burrows characteristic of infaunal deposit feeders (Thompson, 1970b (Thompson, , p. 1281 ) dominate other beds. Chamosite and hematite grains, ooids, and fossil replacements are in layers or are scattered throughout some of the silty sediments. Microscopically, some ferruginous calcareous siltstone beds are impure biosparite with bryozoans and brachiopods, some replaced by hematite. These beds contain irregular layers of dolomitized micrite and rounded quartz grains. Other beds are pelletal microsparite layers. Interbedded hen1atitic sandstone has calcareous cement and an abundance of bryozoan fragments. The quartz sand grains are well sorted, rounded, and generally appear to be floating in the calcareous matrix.
The upper, coarser beds of the lagoon-fill were deposited under moderate to high energy. Some sandy calcarenite is festooned and contains an abundance of shale-chip conglomerate (pl. 2B, unit 16) . Other calcarenites are characterized by rippled beds or long low-angle accretion beds suggestive of the lower part of beach foreshore beds (pl. 2B, unit 18). Microscopically, some of these beds are calcareous sandstone units containing an abundance of bryozoans and brachiopods and having areas of dolomitized micrite. Some are silty microsparite, and others are quartzose intrasparite units containing numerous bryozoan and brachiopod fragments and intraclasts of dolomitized micrite. All of the quartz is well rounded and, in each bed, well sorted.
The coarsening-upward lagoon-fill sequence terminates with the deposition of the quartz-rich calcareous sandstone. The sequence marks the regional regressive phase which existed in this area throughout most of the Late Ordovician. The overlying shale and calcarenite bar facies marks the regional submergence which began toward the end of the Late Ordovician in the Chattanooga area.
Subtidal calcarenite bar.-The most mature, highest energy deposits in these sequences are the calcarenite beds of the Fern vale Member. In general these beds are well winnowed of mud and silt. Bedforms consist mostly of ripples in the sections through Anderson Hill and Whiteoak Mountain (pl. 2B, unit 23; pl. 2C, unit 22), although high-angle bedforms are in the lower part of the section along Interstate 75 at Whiteoak Mountain. In general the Fernvale is interbedded with shale low in each section, suggesting that the deposit was washed into and ultimately filled an adjacent muddy lagoon. Thus, the high-angle crossbedded calcarenite units which are interbedded with shale can be interpreted as spillover lobes.
When examined with a microscope the Fernvale was shown to be mostly biosparite containing varying amounts of pelmatozoan, bryozoan, and brachiopod debris. Poorly developed ooids, although not abundant, are common, indicating deposition under agitated conditions. Some rocks contain zoned dolomite rhombs, some contain an abundance of rounded quartz grains., and others have intraclasts of siltstone.
The posi~tion in sequence of the Fernvale, the bedforms, and the microscopic characteristics are evidence that the unit was formed as subtidal bars between muddy and silty lagoon-fill deposits and open-shelf deposits. of the Rockwood.
Muddy Shelf.-At Whiteoak Mountain (Green Gap section) the subtidal bar environment is overlain by beds of burrowed silty shale and shaly siltstone (pl. 2C, units 23-26) of the muddy shale environment. Impressions of pelecypods and the horizontal burrows attest to the subtidal nature of this coarsening-upward sequence. In the Chattanooga area and in southern Sequatchie Valley, the Shellmound is overlain by interbedded fossiliferous limestone and shale of the Rockwood Formation (pl. 1, sections 1, 3, 4, 6, 25, and 26). These beds were deposited in depositional environments in some ways similar to those of the upper part of the Catheys Limestone. In general, limestone beds in the lower part of the Rockwood are replaced upward by argillaceous sediments derived from the east ( Chowns, 1972b) .
The limestone is biosparite and hematitic biosparite commonly containing pelmatozoan debris, pieces of bryozoans, and broken brachiopod shells. The hematite occurs both as discrete grains and as coatings and replacements of fossils. Some beds contain a few ooids. Hematite grains and coatings follow crossbeds in many of the lenses.
The more prominent limestone units are as much as a few feet thick, and these apparently represent subtidal shell banks. Beds of shale are interbedded with thinner beds of fossiliferous limestone. Some of the limestone beds are finely cross bedded ; others are rippled. In general, these individual beds of limestone represent the intrusion of higher energy deposits into areas characterized by the accumulation of terrigenous and calcareous mud, and they were likely washed there by storm waves or tidal currents.
APPLICATION TO SEQUATCHIE VALLEY
Upper Ordovician and Silurian lithofacies along Sequatchie Valley in Tennessee are illustrated in plate 1. The section trends about N. 35° E. and cuts the northwest-trending depositional strike at a high angle. Because there is no evidence of a major unconformity between the upper beds of the Catheys Limestone and the pre-Chattanooga unconformity at the top of the Rockwood, the Sequatchie Valley section can be interpreted as representing a major regressive-transgressive cycle.
In Sequatchie Valley the Inman Formation represents a major change in depositional environmentfrom the dominantly subtidal carbonate shelf deposits of the Catheys to a more restricted littoral environment.
Inman red limestone is restricted to the southern part of the area studied and has been correlated by Chowns (1972a, fig. 3 ) with lower Sequatchie red beds to the east at Ringgold, and Green Gap, Tenn. The occurrence of red beds in the lower part of the section in the southern part of the study area suggests that the mudflat environment entered the Sequatchie Valley region as tongues or lobes from the southeast.
The Leipers of the Sequatchie Valley region probably represents an adjacent marine deposit that accumulated slowly enough to be extensively reworked by burrowing organisms, rather than a protected marine embayment environment as suggested by Thompson (1971, p. 68-69) .
Leipers bioturhate beds are overlain by Sequatchie mudflat deposits which can be ascribed to both green and red intertidal deposits and red beach-ridge deposi,ts. Because the models described in the previous section of this report show that much of the red Sequatchie facies represents sediments deposited on the higher parts of tidal flats and the green facies the lower parts, the regressive-transgressive nature of the Sequatchie is evident in Sequatchie Valley (pl. 1). There, red tongues grade seaward into green beds and then into the abundantly fossiliferous limestone of the Shellmound or Leipers. Late Ordovician and Silurian transgression is marked by submergence and burial of red tidal-flat sediments, first by green tidal-flat deposits and then by subtidal limestone and shale of the Rockwood. Basal sand and silt beds of the Rockwood probably represent a fine lag deposited by the winnowing action of advancing ocean currents.
Iron-bearing calcisiltite and calcarenite mark three zones in the Upper Ordovician and Silurian of southern Sequatchie Valley, Tenn. From the discussions of Sheldon (1970) and Chowns (1972 a, b) , it is clear that the iron deposits have multiple origins. Those lower in the Shellmound and in the calcareous phase of the Rockwood may be lagoonal or near offshore deposits. Chowns ( 1972a, p. 9) ascribed hematite in calcarenite units to wind-blown dust, derived from red tidal flats, and this idea is supported by the association of abundant fine wellrounded quartz silt and very fine sand. 
Shale, silty, light-olive-gray to moderate-olivebrown, greatly weathered ---------------6 49. Calcisiltite, silty, light-gray to grayish-orange or light-yellowish-brown; in even beds, 0.05 to 0. 7 ft thick, having irregular bedding surfaces; contains some disseminated pyrite; interbedded with shale similar to that described in unit 50 --------------------3 Rockwood Formation-Continued 48. Shale, some silty, light-olive-gray to moderate-olive-brown, mostly covered; contorted (faulted?) ; contains some interbeds of siltstone and calcisiltite --------------------47. Hematite, sedimentary, greatly weathered, dark-yellowish-orange to moderate-yellowish-brown, punky, fossiliferous ----------46. Shale, silty, as in unit 48 ------------------45. Shale medium-light-gray; in even beds, generally 0.05 to 0.5 ft thick having irregular bedding surfaces and partingS! of shale that is like that in unit 5, fossiliferous__ 6.5 3. Calcarenite, fine-to medium-grained, lightto medium-gray, grayish-red, and green .. ish-gray; in beds 0.7 to 1 ft thick containing streaks and uneven layers of sedimentary hematite; unit abundantly fossiliferous, particularly Pentamerous oblongus? 2 2. Calcisiltite to medium-grained calcarenite, medium-light-gray to medium-gray; in even and uneven current-bedded layers generally 0.05 to 0.5 ft thick, :£ossiliferous with numerous brachiopods, corals, and crinoid stems; interbedded with light-olivegray shale ----------------------------66 1. Covered. SECTION 36.
35.
34. 33.
pebbles, glauconitic specks, and calcitefilled brachiopods and bryozoans; Fernvale- 12. Calcilutite interbedded with argillaceous calcilutite, light-olive-gray (fresh) to duskyyellow (weathered); argillaceous limestones form thin partings between thicker less argillaceous beds; some beds weather with a silty crust that shows fine crossbedding; the more argillaceous limestones weather to shales; in laminated or even beds, as much as 0.3 ft thick, having smooth bedding surfaces. Remnants of iron-ore tipple (stone and steel rod work) at 40.8 ft above base of Inman ---------8.4 11. Mudstone and shale, grayish-red, light-brown or pale-olive, calcareous, interbedded with calcisiltite, light-gray with greenish-gray streaks (relatively pure), greenish-gray to yellowish-or pale-brown that weathers grayish red (argillaceous) ; in even beds, 0.02 to 0.3 ft thick, having irregular bedding surface.s --------------------------9.3 10. Calcisiltite, light-gray with greenish-gray streaks (relatively pure), greenish-gray to yellowish-or pale-brown that weathers to grayish red (argillaceous) ; in even beds, 0.2 to 0.5 ft thick having irregular bedding surfaces and a few thin shale partings ----------------------------------3.6 9. Shale, grayish-red, light-brown, or paleolive, and calcisiltite, greenish-gray (fresh), pale-yellowish-brown (weathered), thinner limestone beds are grayish red, light brown, or pale olive; in even beds generally 0.05 to 0.1 ft thick; but one surfaces ------------------------------2.5 8. Calcilutite (as in unit 7) interbedded with greatly weathered shale, grayish-yellowgreen, containing bryozoans; in even beds, 0.05 to 0.3 ft thick having irregular bedding surfaces -------------------------4.4 7. Calcilutite, medium-light-gray to greenishgray (fresh), grayish-orange to dark-yellowish-brown (weathered), slightly argillaceous; in one even bed having irregular bedding surfaces --------------·--------1.9 6. Calcisiltite to calcarenite, fine-to mediumgrained, light-to medium-gr:ay (fresh), yellowish-gray to dusky-yellow (weathered); bedding is 0.2 to 0.3 ft thick; fossiliferous, with bryozoans, brachiopods, and pelecypods; contains interbeds of shale, light-to medium-gray, calcareous, in even beds 0.05 to 0.3 ft thick, very fossiliferous ____ ___ __ ___ ______ _ ___ __ ____ _ 12.2 5. Calcarenite, medium-grained light-gray (fresh), yellowish-gray to dusky-yellow (weathered); in one even bed having irregular bedding surfaces -
Calcilutite to calcisiltite, light-olive-gray to olive-gray (fresh), grayish-olive to dusky-yellowish-brown (weathered), argillaceous; in even beds, 0.0.2 to 0.5 ft thick, having smooth bedding surfaces --------2.0 2. Calcilutite to calcisiltite, medium-dark-gray, olive-gray (fresh), pale-olive to yellowishbrown (weathered), argillaceous; in even beds, 0.1 to 0.5 ft thick, having irregular bedding surfaces; fossiliferous ----------2.9 8. Shale, silty, calcareous, red-brown with green to gray-green splotches; includes several beds of gray-green, silty limestone _____ 21
6. Limestone, silty, gray-green, thin-bedded__ 12 5. Limestone, silty, red-brown and gray-green in bands and splotches, thin-bedded and laminated; contains red-brown shale partings; upper half poorly exposed ---------20 4. Limestone, silty, gray to gray-green, in massive beds, laminated; contains shale partings, mostly gray-green, but some redbrown --------------------------------17 3. Siltstone or fine-grained sandstone, calcareous, gray, massive; weathers yellow brown 2 2. Limestone, argillaceous, gray to gray-green, massive; fossiliferous -----------------3 I ,eipers Limestone:
1. Limestone, shaly, gray, massive; weathers rubbly --------------------------------5 0. Covered. SECTION 
19.-Hicks Gap, Grassy Cove quadrangle, Tennessee
[Section is exposed west of Hicks Gap in bluffs and along banks of Selby Creek. dium-dark-gray to dark-gray shale______ 5
39. Shale, interbedded with dolomite, as in bed 37 ------------------------------------10 38. Calcisiltite to medium-grained calcarenite, medium-gray, dolomitic; interbeds of dolomite, fine to medium crystalline, mediumgray; minor amounts of greenish-gray shale and medium-gray chert beds and lenses as much as 0.5 ft thick; SiOme beds fossiliferous with brachiopods. and crinoid
37. Shale and dolomite. Shale is greenish gray. Dolomite and dolomitic limestone interbeds are fine crystalline, medium gray, calcareous, evenly bedded, and have irregular surfaces; contains a few thin uneven chert
36. Dolomite, fine crystalline, medium-gray, slightly argillaceous and calcareous; contains a few beds of dolomitic limes.tone and greenish-gray shale; medium-gray chert is in beds and uneven lenses as much as 0.5 ft thick; dolomite is in even beds, 0.1 to 0.5 ft thick, having irre·gular bed- 
Shale, as in unit 15, interbedded with weathered punky yellowish-orange to yellowish-brown siltstone (probably was silty limestone); in even beds, 0.05 to 0.2 ft thick, having irregular bedding surfaces -------6. Shale interbedded with siltstone, darkgreenish-gray to medium-bluish-gray where fresh, yellowish-orange to yellowish-brown where weathered, with ribs of chert, argillaceous calcisiltite, and fine-grained calcarenite in even beds, 0.1 to 0.5 ft thick, having irregular bedding surfaces _________ _ 5. Siltstone, yellowish-orange to yellowish-brown, poorly exposed, greatly weathered -------- 
29.
28. weathered, pale-to moderate-brown, very fine grained, finely crossbedded, in even ribs, 0.1 to 1.5 ft thick, having irregular bedding surfaces ------------------------------Calcisiltite, as in unit 42 ------------------Calcisiltite, medium-gray to greenish-gray, glauconitic, in one even bed having irregular bedding surfaces, with a few partings of argillaceous limestone ------------------Mudstone, greenish-gray to grayish-red, calcareous, poorly bedded ------------------Calcilutite to calcisiltite, greenish-gray to grayish-red, slightly argillaceous; in even beds, 0.2 to 0.3 ft thick, having irregular bedding surfaces -----------------------Calcisiltite, medium-light-gray to greenishgray, and a few grayish-red beds; even beds Calcilutite, medium-dark-gray, brachiopods scattered on bed surface, in even beds hav- and bryozoans -------------------------8 Rockwood Formation: (Beds S1-S5 measured along lake shore on points to south of main section.) S5. Shale, grayish-red, poorly exposed ---------S4. Sandstone, very fine grained, weathered, yellowish-orange to yellowish-brown; beds are 0.05 to 0.4 ft thick, are even, and have irregular bedding surfaces; probably same sandstone as in uppermost 1 ft in the main section (bed 40) -----------------------S3. Shale, interbedded with sandstone, as in unit S1 -- 
30.
unit; trilobite fossils occur near middle of Calcisiltite and shale, as in unit 9 ----------2.4 Calcisiltite and shale, as in unit 8 ----------1.5 Calcisiltite and shale, as in unit 9 ---------1.5 Calcisiltite, greenish-gray, silty, argillaceous, in even beds, 0.1 to 2 ft thick, having irregular bedding surfaces; interbedded with greenish-gray calcareous shale in partings or in beds as much as 0.2 ft thick --------11.5
Rockwood Formation (lower part) -Continued 44. Shale, medium-gray to medium-bluish-gray, interbedded with fine-to medium-grained calcarenite; in even beds, generally 0.1 to 0.5 ft thick, having irregular bedding surfaces. Some limestones are bioclastic, containing crinoid debris; limestone interbeds are generally silty, some are finely crossbedded. The rocks weather pale olive, yel- Rockwood Formation: 43. Siltstone, calcareous, greenish-gray, duskyyellow-green, contains grit-sized phosphorite ( ? ) pellets; even beds are 0.3 to 1 ft thick and have irregular bedding surfaces ---------------------------------Sh~lmound Formation: 42. Calcarenite, fine-to medium-grained, mediumgray to medium-dark-gray, fossiliferous, in uneven beds, 0.1 to 0.3 ft thick, interbedded with light-olive-gray argillaceous shale in beds as much as 0.2 ft thick -------------41. Calcisiltite to calcarenite, medium-grained, medium-gray, argillaceous, pyritic, in beds 0.1 to 0.3 ft thick; separated by mediumgray, calcareous siltstones, in partings or beds as much as 0.1 ft thick ------------40. Calcarenite, medium-grained, medium-lightto m~:iium-gray; even beds are 0.2 to 0.5 ft thick and have irregular bedding surfaces; has partings of soft greenish-gray shale __ 3.0 39. Shale, greenish-gray, soft, argillaceous _____ 0.9 38. Calcarenite, fine-to medium-grained, mediumlight-to medium-gray; even beds are 0.1 to 0.3 ft thick and have irregular bedding surfaces, separated by partings or beds of soft greenish-gray shale as much as 0. thick and has irregular bedding surfaces _ 3.5 23. Calcisiltite to calcarenite, fine-grained, medium-gray, silty or sandy, weathers to yellowish-brown siltsto!ne or very fine grained sandstone; in even beds, 0.01 to 1.5 ft thick, having irregular bedding surfaces -------6.3 
